Abstract
Electrical stimulation of the digital nerves of the index finger produces changes in the EMG signal during steady voluntary contraction of the first dorsal interosseous muscle. This electrocutaneous reflex (ECR) was studied in 90 patients classified into different categories according to diagnostic criteria for multiple sclerosis. In addition, pattern reversal visual evoked responses (VER), brainstem auditory evoked responses (BAER) as well as spinal and scalp recorded somatosensory evoked potentials (SSEP) were investigated by stimulating both the index finger and the posterior tibial nerve. The reflex response was altered uni-or bilaterally in 56 per cent of the patients and the abnormalities of the ECR were related to the categories of diagnostic probability. Pathological results were found in 28 per cent of the hands without clinical evidence of sensorimotor deficit. Although ECR abnormalities were often associated with clinical signs, significant correlation was found only with hyperreflexia and/or increased muscle tone in the corresponding upper limb. Pathological ECR were more common than pathological SSEPs with finger stimulation recorded under identical stimulus conditions. Fewer abnormalities were found by ECR testing than with VER, but the proportion of abnormal ECR was higher than that of BAER. ECR provides a valuable supplement to existing electrophysiological procedures for detecting lesions in the central nervous system.
Changes of rectified and averaged EMG activity seen within the first 100 ms following the electrocutaneous stimulus are characterised by a triphasic modulation of activity. A shortlatency increase (El) and a later positive peak (E2) are separated by a decrease in EMG activity (I1) while later changes of the signal following E2 are inconsistent. This electrocutaneous reflex (ECR) was investigated systematically by using a method similar to that presented by Jenner and Stephens in 1981. ' Information on the range of normality and reliability of the ECR in adults was given in our previous paper. 2 There is evidence that the late component of the reflex response depends on the integrity of supraspinal structures.' 37 Changes of the reflex response in upper limbs were described with lesions of the contralateral sensorimotor cortex,' lesions of the ipsilateral dorsal columns and the corticospinal tract,1 5 In addition, magnetic resonance imaging (MRI) was performed on 37 patients. BAERs, and SSEPs were all investigated by stimulating both the index finger and the posterior tibial nerve for most patients.
Electrocutaneous reflex
The subjects, who were lying comfortably in a supine position, placed their hands with palm down on a metal plate on which a force transducer was mounted. Pressure against the load cell was provided by abduction of the index finger while the ulnar edge of the hand was supported by another metal piece which was adjusted to the size of the hand. The ECR was recorded while the patients performed an isometric contraction of the first dorsal interosseous muscle at a standardised force which The frequency of ECR abnormalities increased in parallel with the probability of demyelinating disease. The reflex response was altered uni-or bilaterally in 34 out of 51 patients with definite MS (67%) and in 16 of 33 patients assessed as having clinically probable MS (48-5%). On the other hand, the ECR was normal in six patients with laboratory supported probable MS, so that the incidence of pathological findings was 41% in the sum total of patients with probable MS.
ECR and multimodality evoked potentials Evoked potentials data are summarised in tables 4 and 5. VERs were recorded in 89 patients and found to be abnormal on one or both sides in 69 ofthem (78 %). SSEPs to finger stimulation recorded in 88 patients revealed a rather low incidence of pathological results (280o) while abnormalities were found on one or both sides in 40 out of 78 patients examined with stimulation of the posterior tibial nerve (510oo). BAERs were studied in 86 patients; they were abnormal on one or both sides in 24 (28%O) and normal on both sides in 62 patients.
Abnormalities of BAERs were found in a higher proportion of patients with clinically detectable brainstem lesion (34%) while the incidence of pathological results was lower in the absence of corresponding signs (24%). For all modalities tested the evoked potentials were found to be abnormal in a higher proportion of patients with definite MS ( or sensory deficit. However, the rather high number of neurologically intact arms (58% of the patients examined) may be due in part to the fact that most of the clinical data had to be obtained from medical records which must imply some loss of information. Although clinical symptoms in the upper limbs are often associated with ECR abnormalities (72%), the latter are found to be significantly correlated only with hyperreflexia and/or increased muscle tone in the corresponding arm. ECR testing has provided positive results in seven out of eight patients presenting a tetraspastic syndrome. Although the origin and the central pathways mediating the long-latency reflex response are not known definitively, abnormalities of the ECR should only be accepted as of diagnostic value in the sense of indicating subclinical lesions when there are no clinical symptoms of brainstem or spinal cord disease. ECR abnormalities were found in 36 of 56 patients without evidence of past or actual brainstem lesion. However, in only 16 of these (that is, in 29% of the population without brainstem lesion) there was no sensory motor deficit in the corresponding upper limb.
Although abnormal ECR is significantly correlated with abnormal SSEPs as recorded under identical stimulus conditions, ECR testing reveals a higher incidence of pathological results. Based on the hypothesis that the afferent pathway of the SSEPs is similar to or identical with that of the long-latency reflex response, an abnormal ECR is expected to occur in case of pathological SSEPs. On the other hand, the combination of pathological ECR with normal SSEPs (found in 40 hands in our study) suggests a lesion within the descending pathways mediating the reflex response. The findings in six patients (6 hands) exhibiting abnormal SSEPs without alterations of the ECR have to be emphasised and may be due to various factors. First, they might represent an argument for ECR and SSEPs to depend on different afferent somatosensory pathways, for example, the spinothalamic tract and the lemniscal afferent pathway which may be differentially affected by localised demylinating lesions. However, correlation of abnormality in these tests as found for the majority of patients exhibiting pathological SSEPs suggests their dependence on a common afferent pathway, provided that these findings do not represent two separate lesions. Second, the normal ECRs assessed by using the upper limits of confidence for certain parameters (not taking into account the absolute magnitude of the signal) might represent false negative results. By applying the procedure proposed previously for assessing the reflex response, false positive results are expected to occur in only about 0.5%0. Third, supposing a supraspinal reflex arc, the results may be influenced by the length of the pathways involved: SSEPs to finger stimulation may be impaired due to a lesion within the lemniscal pathway whereas the latter might have less influence proportionately on the ECR mediated by both ascending and descending pathways including synaptic relays.
Fewer abnormalities are found by ECR testing than with VER, whereas the proportion of pathological results is higher for ECR than for both BAER and SSEPs. However, the evoked potentials might have been decisive as "paraclinical" evidence'2 of a lesion in some patients and thus for inclusion in this study. Our data confirm previous reports on the incidence of the pathological VERs in MS, being lower in the less certain diagnostic categories. Abnormal VERs are found in 69 of the 89 patients examined (78%), 19 of whom with clinical evidence (4) or a history of optic neuritis (15) . VER testing provides pathological results in 21 of 39 patients (54%) in the category of probable MS without evidence of optic neuritis actually or in the past.
Dysfunction of the auditory pathways in the brain stem is shown in 24 of 86 patients which represents a rather low incidence of pathological results (28%) compared with other reports. The proportion of BAER abnormalities in patients in the less diagnostic categories is only 20-5o% in our study compared with 34 0% in patients with definite MS. Although we find a lower proportion of abnormalities in all categories of MS, the correlation between clinically detectable brainstem lesions and pathological BAERs is confirmed by our data. Abnormalities are obtained in 34% ofMS patients with symptoms of brainstem lesion and in 24% of those without corresponding signs which is similar to previous results.
The rather low incidence of SSEP abnormalities with stimulation of the index finger (28%) might be due to the small number of fibres involved compared to stimulation of the median nerve and also to the fact that we ECR testing reveals a somewhat lower incidence of pathological results in our population than that provided by a previous study'3 using mixed nerve stimulation in the upper limbs, but without taking into consideration clinical symptoms of the corresponding arm. Nevertheless, our findings also suggest that ECR testing is at least as effective as a diagnostic screening method in MS as the well established electrophysiological procedures, with the exception of the VERs. The ECR represents a valid supplement to the clinical examination for detection of lesions in the central nervous system. Moreover, since the latencies of the reflex response proved to be quite resistent to changes of the force of isometric contraction,2 ECR testing is readily available in any well equipped laboratory and therefore of practical value.
